The approximately symmetric form of the PMNS matrix suggests that there could exist a hidden symmetry which makes the PMNS matrix different from the CKM matrix for quarks. In literature, all the proposed fully symmetric textures exhibit an explicit µ − τ symmetry in addition to other symmetries which may be different for various textures. Observing obvious deviations of the practical PMNS matrix elements from those in the symmetric textures, there must be a mechanism to distort the symmetry. It might be due to existence of light sterile neutrinos. In this work, we study the case of the Tribimaximal texture and propose that its apparent symmetry disappears due to existence of a sterile neutrino. We observe that introducing just one sterile neutrino is still not sufficient to recover the data, thus a slight µ − τ symmetry breaking is also needed. By considering those factors, we obtain the PMNS matrix elements which are consistent with data within the experimental tolerance.
The approximately symmetric form of the PMNS matrix suggests that there could exist a hidden symmetry which makes the PMNS matrix different from the CKM matrix for quarks. In literature, all the proposed fully symmetric textures exhibit an explicit µ − τ symmetry in addition to other symmetries which may be different for various textures. Observing obvious deviations of the practical PMNS matrix elements from those in the symmetric textures, there must be a mechanism to distort the symmetry. It might be due to existence of light sterile neutrinos. In this work, we study the case of the Tribimaximal texture and propose that its apparent symmetry disappears due to existence of a sterile neutrino. We observe that introducing just one sterile neutrino is still not sufficient to recover the data, thus a slight µ − τ symmetry breaking is also needed. By considering those factors, we obtain the PMNS matrix elements which are consistent with data within the experimental tolerance.
PACS numbers: 14.60.Pq, 14.60.Lm, 14.60.St Numerous experiments which are carried out in past several decades make the behaviors of neutrinos understandable. As is commonly accepted, mixing among different flavors of leptons are due to the mismatch between the mass eigenstates and flavor eigenstates, it is the same as the quark case, but different in structures. To bring the weak interaction eigenstates (flavor) to the physical ones (mass), the PontecorvoMaki-Nakawaga-Sakata (PMNS) matrix [1, 2] should be introduced. If there are only three active neutrinos the mixing matrix is written as
Generally there are four independent parameters, namely three mixing angles and one CP-phase. There are various schemes to parameterize the matrix in literature. For example, the Chau-Keung(CK) parametrization [3] is 
where s jk and c jk denote sin θ jk and cos θ jk with j, k = 1, 2, 3.
The measured values of the PMNS matrix exhibit an approximately symmetric form which may hint that the practical matrix originates from a high symmetry, but is distorted by some mechanisms. Indeed, one of the physics achievements of the 20th century convinces us that symmetry and symmetry breaking compose the main picture of the nature, so one may reasonably expect that an underlying symmetry determines the mixing matrix of leptons which later is distorted somehow. Lam has shown this possibility in terms of the group theory [4] where the CKM and PMNS matrices are separately resulted via different routes to break the large symmetry. In Lam's scheme, the resultant PMNS still possesses * khw020056@hotmail.com † lixq@nankai.edu.cn an obvious symmetry with θ 13 strictly being zero, therefore to reach the practical PMNS a further symmetry breaking is needed. It is natural to ask if one can provide a reasonable mechanism to explain the distortion. Meanwhile some phenomenological symmetries are observed, such as the quark-lepton complementarity and selfcomplementarity [5] [6] [7] [8] [9] [10] [11] , µ − τ symmetry [15] . But all those symmetries are only approximate, so it also implies that there should be some mechanisms to result in their deviations from exact symmetric forms.
The high-precision measurements [16] [17] [18] [19] determines θ 12 ≈ 34
• and θ 23 ≈ 45
• and a small, but non-zero θ 13 . The values could be traced to a mixing pattern with high symmetries i.e. for example the tribimaximal (TB) mixing pattern [12] [13] [14] [15] which is one of the possible symmetric textures
which means that θ 12 = 35.26
• , θ 23 = 45
• and θ 13 = 0 • in the adopted parametrization. In this scenario the µ − τ symmetry holds and in the mass eigenstate ν 2 , ν e , ν µ and ν τ have the same probability.
However the measurements of the accelerator and reactor neutrino oscillation experiments [20] [21] [22] [23] [24] 
It is noted that the values are set based on the scenario for three generations of neutrinos. Apparently the TB mixing patterns decline from the data. One may ask whether the symmetries in the TB mixing patterns should be abandoned? Even though it is too early to make a definite conclusion yet, there exists a possibility that those symmetries still hold, whereas the matrix might be distorted from the symmetric form by new physics.
Recently, the anomalies of short-baseline neutrino experiments [25] [26] [27] hint that there may exist light sterile neutrinos which mix with the active ones. Moreover Schechter and Valle [28, 29] also discussed the (n,m) model which suggested importance of getting sterile neutrino involved. If this picture indeed works, the existence of sterile neutrinos would play a role to make the mixing matrix being in the superficial form where the original symmetries are just hidden somehow or slightly broken. In our earlier work [30] , we proposed that the quark-lepton complementarity and self-complementarity [5] [6] [7] [8] [9] [10] [11] still hold and involvement of the sterile neutrino(s) distorts them to be approximate. Along the same line, one may ask if the symmetries in the TB mixing patterns are distorted by existence of sterile neutrinos. In other words, when PMNS is extended to a n × n matrix, the symmetries in TB mixing patterns are exact or just slightly broken, but in the left-upper 3 × 3 block of the generalized PMNS matrix which corresponds to the experimentally observed values, the symmetries are no longer exhibited at all. In an explicit statement, the symmetries which are shown in the original 3 × 3 texture, still hold or slightly broken, but as mixing between the sterile and active neutrinos exists, the apparent symmetric form is lost.
In this letter we use this picture to study the neutrino mixing matrix i.e. supposing that the symmetries in the tribimaximal (TB) mixing patterns are exact or nearly exact, but a mixing among active neutrinos and sterile neutrinos causes the difference between the TB mixing matrix and data.
Here, we only consider the simplest scheme where three active neutrinos plus one sterile neutrino are involved, namely the (3+1) scheme and show that it indeed works.
When there exists a light sterile neutrino, following the case discussed in Ref. [31, 32] one can construct a 4 × 4 PMNS-like matrix 
where we only set θ 13 = 0 • , and keep θ 12 and θ 23 in the expression for later discussion. In the expression the first matrix is the original PMNS matrix and the successive three matrices correspond to the mixing of the sterile neutrino with the three active flavors respectively. For this case one can find |V 13 | = |s γ (c β s α c 12 + s β s 12 )|. We first constrain ourselves to the simplest setting α = β = γ. By the same procedures as done in Ref. [30] we fix α = β = γ = 18.0008
• and now the 4 × 4 matrix reads 
Comparing with the experimentally determined 3×3 PMNS matrix V PMNS Ref. [5] 
the left-upper 3 × 3 block of the V 4×4 matrix is nearly consistent with that form and |V 13 | is no longer zero. By fitting data, we only fit matrix elements U 11 , U 12 , U 13 , U 23 and U 33 which are free of CP phase. Because so far the CP phase has not been experimentally determined and no even any hint is available, we cannot expect to extract information on δ from data. In our previous work, by the χ 2 analysis, we find that the CP phase δ is within a region close to zero, but all of the theoretical predictions are waiting for probes of future more precise experiments. Therefore in this work, the derived mixing matrix is real.
The obtained matrix elements are close to the data, but still not fully satisfactory yet. If slightly breaking the µ − τ symmetry, the situation would be further improved. Concretely, we introduce a small variation ǫ to θ 23 , i.e. let the original θ 23 slightly deviate from 45
• . Obviously, ǫ should be determined by fitting data. Thus, one further fix the values as θ 23 = 39.3999
• and α = β = γ = 17.777
• , 
It is noted that using the mechanism of involving a sterile neutrino and a slight µ−τ symmetry breaking, the data can be well explained. The scheme is equivalent to refitting the data with two independent parameters instead of one as done above. It is noted that in this scheme the transformation matrix remains unitary. It is also natural to expect that the symmetry breaking degree could be at order of O(
), concretely, as we refit the data to obtain ǫ, it is ǫ ∼ (sin 45
• − sin 39.3999
• )/ sin 45 • ≈ 2(m µ /m τ ), which indeed is at the expected order.
In fact as the µ − τ symmetry is lifted, the constraint α = β = γ is no longer valid and one will obtain a new |V 4×4 | 
in the new setting, we have θ 23 = 39.6796
• , α = 13.8233
• , β = 15.977
• , and γ = 22.808
• . As a brief conclusion, in this work we do not intend to make a complete analysis based on the group theory as done by many authors [33] [34] [35] , instead we have carried out a phenomenological study on the PMNS matrix whose form obviously exhibits an approximate symmetry. It is believed that the symmetry originates from a high symmetry, but is distorted by some mechanisms. We probe the proposed mechanism that because of involvement of sterile neutrino(s), the underlying symmetry might be hidden, the practical 3 × 3 PMNS matrix does not manifest in a rigorously symmetric form. Here we only discuss the case of the TB mixing patterns. First, as only one light sterile neutrino is included, the matrix V T B is extended to a V 4×4 form. The elements of the superficial 3 ×3 PMNS matrix which is the left-upper block of the 4 × 4 extended matrix and should be the practical PMNS matrix, are consistent with data while the symmetries are retained. The mixing angles between the sterile neutrino with the active ones in the 4 × 4 extended PMNS matrix V PMNS are set as α = β = γ = 18.0008
• . Moreover, as a slight µ − τ symmetry breaking is introduced, the practical 3 × 3 matrix satisfactorily agrees with data, and on other aspect it implies that the primarily assumed underlying symmetry should be slightly broken. In our picture, we just employ the simplest 3+1 scheme. If a more complicated scheme is taken the results might be even closer to the real data. However, our conclusion is unchanged that mixing of a sterile neutrino with the active ones and a slight µ − τ symmetry breaking make the symmetric texture transforming into the practical PMNS matrix which corresponds to the data measured in accelerator and reactor experiments. The newly obtained PMNS matrix is well consistent with data, while the underlying symmetry is retained or at most slightly broken (µ−τ symmetry). All these allegations will be tested in the future accelerator and reactor neutrino experiments.
